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NOBLE METALS I N  MID-OCEAN RIDGE VOLCANISM: A SIGNIFI- 
CANT FRACTIONATION O F  GOLD W I T H  RESPECT TO PLATINUM GROUP METALS; 
J . H .  Crocket,  Dept. of Geology, McMaster Univ., Hamilton, Ont. 

Hydrothermal p r e c i p i t a t e s ,  b lack  smoker p a r t i c u l a t e  and 
massive su lph ide  dredge samples from t h e  Explorer  R i d g e  on t h e  
Juan de Fuca P la te  and t h e  TAG hydrothermal area on t h e  Mid- 
A t l a n t i c  Ridge w e r e  analysed f o r  s e l e c t e d  noble  m e t a l s  i n c l u d i n g  
Au, I r  and Pd by radiochemical  neut ron  a c t i v a t i o n  a n a l y s i s .  The 
p re l imina ry  r e s u l t s  i n d i c a t e  t h a t  gold c o n t e n t s  may r each  t h e  
ppm range (Axial  Seamount, Juan de Fuca, 5 t o  7 ppm Au) a l though  
v a l u e s  i n  t h e  neighbourhood o f  1 0 0  t o  200 ppb are more t y p i c a l .  
The plat inum group elements  (PGE) r ep resen ted  by Ir  and Pd are 
t y p i c a l l y  < 0 . 0 2  ppb and < 2  ppb r e s p e c t i v e l y .  These abundances 
r e p r e s e n t  a s i g n i f i c a n t  enrichment of  go ld  r e l a t i v e  t o  t h e  PGE 
i n  comparison wi th  average noble  metal  abmdances  i n  mid-ocean 
r i d g e  b a s a l t s  (MORB).  For example, based on a l i t e r a t u r e  su r -  
vey t h e  average Au/Ir r a t i o  of mid-ocean r i d g e  t h o l e i i t e s  i s  
approximately 2 0  (Crocket ,  1981; Hamlyn e t  a l . ,  1985) whereas a 
r a t i o  of 1 0 , 0 0 0  r e p r e s e n t s  a lower l i m i t  f o r  b lack  smoker- 
re la ted hydrothermal p r e c i p i t a t e s .  

be found i n  t h e  concepts  o f  s u l f u r - s a t u r a t i o n  of b a s i c  magma i n  
mid-ocean r i d g e  (MOR) s e t t i n g s ,  and t h e  o r i g i n  of  MOR hydrotherm- 
a l  f l u i d s .  Experimental  and p e t r o l o g i c a l  d a t a  (Wendlandt, 1982; 
Roedder, 1981; Mi tche l l  and Keays, 1981) sugges t  t h a t  MORBs are 
s u l f u r - s a t u r a t e d  a t  t h e  t i m e  of m a g m a  gene ra t ion  and t h a t  an 
immiscible  s u l f i d e  component remains i n  t h e  mantle  r e s i d u e .  
Hence, MORBs are noble  metal-poor,  p a r t i c u l a r l y  wi th  r e s p e c t  t o  
PGE. MOR hydrothermal f l u i d s  are widely regarded as h o t ,  rock- 
e q u i l i b r a t e d ,  modif ied seawater s o l u t i o n s  which l e a c h  s u b s t a n t i a l  
q u a n t i t i e s  o f  s o l u t e s  from t h e  rock column ( S e y f r i e d ,  1987; 
Edmond e t  a l . ,  1982) .  Consequently,  b l ack  smoker f l u i d s  can be 
expec ted  t o  r e f l e c t  t h e  low Ir and Pd c o n t e n t s  o f  t h e  rock 
column. 

The average Au c o n t e n t  o f  MORB i s  1 .3  ppb (Hamlyn e t  a l . ,  
19851, and so t h e  rock column i s  n o t  s i g n i f i c a n t l y  en r i ched  i n  
Au. The g e n e r a t i o n  o f  f l u i d s  which p r e c i p i t a t e  s o l i d s  w i t h  2 0 0  
ppb Au i s  appa ren t ly  dependent on h igh ly  e f f i c i e n t  f l u i d  chem- 
i s t r y  t o  mobi l ize  Au from t h e  rock column, h igh  Au s o l u b i l i t y  i n  
seawater hydrothermal f l u i d s  and e f f i c i e n t  p r e c i p i t a t i o n  mechan- 
i s m s  t o  c o p r e c i p i t a t e  Au on Fe, Zn and Cu s u l f i d e s .  S i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e s e  parameters  appear t o  be t h e  u l t i m a t e  cause  
of t h e  s t r o n g  Au-PGE f r a c t i o n a t i o n  i n  t h e  MOR s e t t i n g .  

hydrothermal f l u i d s  are s i g n i f i c a n t  c o n t r i b u t o r s  t o  t h e  Ir  
enrichment seen i n  Cre taceous /Ter t ia ry  boundary sediments.  
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